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The article tries to address the dilemma confronting the repair of paraesophageal hernia (PEH). The case
has been made for repair upon diagnosis. The initial results of laparoscopic repair were projected as
successful. However, recurrence and reﬂux have plagued many studies. Whereas adjunct fundoplication is
now consistently performed by most surgeons, the basis is uncertain. Recurrence rate is often higher
than that reported if only the ‘imaged’ follow-up patients are considered. Esophageal lengthening is
believed to potentially beneﬁt both the hallmark complications. The worldwide experience with lapa-
roscopic esophageal lengthening is scanty (although it was not uncommon in the days of open surgery).
Compared to the open repair, the laparoscopic method has a higher recurrence rate, higher major speciﬁc
complication rate, comparable symptom outcome and a shorter hospital stay.
 2008 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Paraesophageal hernia (PEH) forms 5–10% of all hiatal hernia.
Most patients are elderly and with signiﬁcant associated medical
illness. This hernia can lead to potentially catastrophic mechanical
complications such as gastric volvulus, haemorrhage, gangrene and
perforation. There is consensus on repair upon diagnosis. The
conventional repair has been the open abdominal, thoracic or
abdomino-thoracic approach. Laparoscopic esophageal surgery
was introduced in early 1990s. Laparoscopic PEH repair has con-
sistently ﬂourished since then. Important operative steps, the role
of fundoplication, the management of recurrence and esophageal
foreshortening are the ongoing issues – and remain largely
unresolved. In this article the peer-reviewed international
literature has been reviewed.2. Aim
The aim of this article was to review the evolution of laparo-
scopic repair of PEH, to highlight the role of anti-reﬂux procedure,
esophageal lengthening and recurrence, and ﬁnally, to compare
with the results of open repair.ciates Ltd. Published by Elsevier Lt3. Material and methods
Studies addressing laparoscopic repair of paraesophageal hernia
from 1990 to date were explored. PubMed, EMBASE, Scopus, hand
search and personal communication were used to collect
information which is described in an essay format.4. Historical background
Borchardt (1904) described the symptom triad of gastric
volvulus – post-prandial chest pain, retching but inability to
vomit and inability to pass nasogastric tube.1 For the last many
decades, the repair of the PEH has been highlighted by trouble-
some post-operative reﬂux and recurrence in the long term. It
was thought that the results could not be improved further. The
tendency to conservative management increased. However, Tre-
acy and Jamieson demonstrated that observation alone resulted
in signiﬁcant morbidity in 50% of patients.2 Skinner revealed 27%
mortality for non-operative management.3 Laparoscopic esopha-
geal surgery commenced around 1991. Laparoscopic repair of PEH
started shortly afterwards. By then laparoscopic fundoplication
for GERD was becoming established. Belsey and Nissen methods
had already been described for total fundoplication. The near-
total wraps described were Toupet (270), Guarner (240) and
Cheec (200). In 1962, Dor described anterior partial fundopli-
cation as an adjunct to Heller’s operation. Watson described the
(120) anterior partial wrap in 1970s. It was a modiﬁcation of thed. All rights reserved.
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esophageal muscle. It is uncertain when the ﬁrst laparoscopic
repair of PEH was performed. Nevertheless mid-1990s were spent
improving the laparoscopic technique. During the learning curve
most of the complications were located in the initial part of the
studies.1,4 The initial reports revealed less post-operative pain and
shorter hospital stay. The issues of operative complications,
recurrence and post-operative reﬂux were not highlighted
enough. Esophageal shortening also entered the debate. Swan-
storm in 1996 described the earliest results of laparoscopic
esophageal lengthening.5 It was well known in the days of open
surgery. Esophageal lengthening procedures date back to such
times. This is a heavily discussed issue at present.5. Discussion
Therefore there is a consensus that the diagnosis of a PEH is
an indication for surgery. This is in view of the known mechan-
ical complications like haemorrhage volvulus, gangrene and
perforation. The mortality of emergency repair is 50%6 as
opposed to 0.5–3%4,7–10 in the elective setting. The index of
suspicion of PEH generally is not very high. Despite evident X-ray
ﬁndings, they are sometimes treated for ailments like coronary or
chronic airway disease. Some are passed off as ‘hiatus hernia’ by
the clinicians and the radiologists alike. There is a recognized
tendency to either label them as type I or not lay enough stress at
the time of identiﬁcation. Surgical specialties (other than upper
GI) may also not emphasize the entity enough to merit an
appropriate referral. A perception of the age and associated
morbidity seems to be a factor. A bias against minimal access
surgery may also exist. As a result the surgical repair of PEH
forms 3–6% of all operations for hiatus hernia, despite the fact
that PEH forms at least 5–10% of all hiatus hernia.Table 1
Visick grading of symptom outcome
Visick Symptoms Quality of life Treatment required
Grade I None Normal None
Grade II Mild Nearly normal None
Grade III Many Impaired Pharmacological
Grade IV Many Impaired Operative6. Morbid anatomy
The hernia escapes into the chest either to the left or anterior to
the esophagus in order to reach its destination in the right chest at
180. The organo-axial migration (somewhat ‘amoeboid’) eventu-
ally resembles a book page being ﬂipped over. It cannot take place
behind or to the right of the esophagus because of attachment of
the latter to the median arcuate ligament (of the aortic hiatus). A
big meal, a bout of cough or straining can trigger the volvulus-
gangrene sequence. Volvulus can also take place by the stomach
‘returning’ from the thorax back into the abdomen. The PEH
therefore is an entity entirely different from the sliding hiatus
hernia. The latter is an acid-peptic phenomenon whereas the
former, emphatically mechanical. There is a slight female pre-
ponderance in most studies. In nearly every study mean age at
operation is the 7th decade of life. Majority of the patients is known
to have signiﬁcant co-morbidity. Most of the patients are
symptomatic in hindsight. The symptoms may have had a mean
standing of many years.
The classical symptoms (epigastric pain, heartburn and dys-
phagia) affect close to half of the patients. Symptom prevalence is
variable. Up to 38% may have documented early satiety and 15%
post-prandial events like vomiting or chest pain. Eleven percent
may have chronic anaemia. Routine chest radiograph and barium
esophagogram have high diagnostic sensitivity. The endoscopic
ﬁndings include apparent esophageal stricture, gastric deformity,
inability to enter the duodenum and inaccessible gastric fundus.
However, Gantert (1998) found the sensitivity for endoscopy to be
17%.4 The barium esophagogram has a high success rate towards
diagnosis as well as detecting a recurrence.7. Initial experience
The beginning of the 1990s saw the dawn of minimal access
esophageal surgery. Shortly afterwards laparoscopic repair of PEH
was also realized. The operative technique has required re-
emphasis on excision of the sac around mid-1990s. Earlier
laparoscopic operations involved reduction of the hernia and
crural approximation. The recurrence rate in some instances was
close to 100%. Circumferential excision of the sac has since been
recognized as a very important step. Tension-free repair of the
crura is a pre-requisite. It may require mesh – either bridging or
buttressing. Laparoscopic cruroplasty currently lacks the accuracy
and point-to-point crural matching possible with the open repair.
A pitfall is a tendency to over-repair the hiatus behind the
esophagus. In larger defects this may lead to forward angulation of
the gastro-esophageal junction resulting in post-operative
dysphagia. To prevent this, additional hiatal stitches should only
be applied anteriorly after the initial three or four posterior ones. It
is possible that some of the fundoplication ‘strictures’ were in fact
acute angulation of the intra-abdominal esophagus. Nevertheless,
Watson in a prospective trial demonstrated equivalent short-term
results when the hiatal closure was mainly anterior as opposed to
posterior.11
8. Post-op reﬂux and dysphagia
Reﬂux is now thought to be a major cause of post-operative
morbidity.12 It is related to PEH in four ways. First there is
preoperative reﬂux. Second, the transient ‘routine’ or residual
post-operative reﬂux which settles in 4–8 weeks. Third, persistent
post-operative reﬂuxwhich lasts beyond this period andwhichmay
or may not require medication. And fourth, the ‘new’ post-operative
reﬂux. This chronology applies to dysphagia as well (although it
qualiﬁes for ‘persistent’ post-op dysphagia if it lasts more than six
months) (Tables 1 and 2). Whether or not to add fundoplication
(routinely, never or selectively) is the question. Up to 60% of PEHmay
be associated with preoperative reﬂux esophagitis. Also the natural
clinical courseof a type II PEH is assumedtobe towards type III. In this
context some authors describe PEH as a progression from type I to
type III.13 The type III is said to account for a variable 11–97% of all
PEH1 (the mis-interpretation at operation on part of the surgeon is
stated as amajor reason for thiswide variation). Some residual reﬂux
is seen after repair in up to 20%. This is regardless whether or not an
anti-reﬂux procedure was done. It often settles in 4–8 weeks. The
consideration is given to the reﬂux extending beyond the period.
Post-operative reﬂux (new) is known to supervene as a result of
handling and traction in an uncertain but small fraction of patients
(3–22% in case of lap anti-reﬂux op for GERD).
Preoperative dysphagia is seen in 30–60% cases with PEH.
Whereas symptomatic reﬂux can be managed pharmacologically,
dysphagia may need dilatation, commonly requiring limited
sittings (Tables 1 and 2).
Acquired esophageal foreshortening has been stressed upon
lately. It has been a well known entity from the days of open
surgery for the ‘irreducible esophagus’. Esophageal lengthening
procedures like Collis gastroplasty have been performed since then.
It has not yet been absorbed fully in laparoscopic surgery. The
shortening is known to be a result of chronic transmural
Table 2
Post-op reﬂux and dysphagia remain modern day problems
Study Lap/open n Anti-reﬂux
Yes/No
Post-op
reﬂux (%)
Post-op
dysphagia
Schauer26 Lap 67 Yes 6 0
Schauer26 Open 25 Yes 16 0
Carlson35 Lap 44 Selec. 25% 2 2%
Gantert4 Lap 49 Yes 4 4%
Geha33 Open 100 Selec. 35% 2 Not stated
Pierre7 Lap 200 Yes 16 6%
Maziak41 Open 94 Yes 7 Not stated
Perdikis38 Lap 65 Yes Not stated 6%
Hawasli42 Lap 27 Yes 22 Not stated
Edye43 Lap 55 Yes 22 Not stated
Wu36 Lap 37 Yes 4 Not stated
Swanstorm39 Lap 52 Yes 10 6%
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lead to PEH. It is more plausible for type III (mixed) variety. This,
according to some authors, justiﬁes the use of esophageal length-
ening procedure at laparoscopic operations as well. Laparoscopic
Collis gastroplasty is becoming more popular as a result. The need
for gastroplasty is assessed preoperatively but decided per-
operatively. Swanstorm in 1996 described the earliest results of
laparoscopic esophageal lengthening.5 Many studies have demon-
strated its efﬁcacy. Others, especially more traditional surgeons are
not entirely convinced. It is believed that the modern effective
medical treatment of GERD may have reduced the incidence of
esophageal shortening.6 Either way the cardia should be brought
down well below the hiatus – all the more to make up for the
operative posture of the patient and diaphragmatic elevation due to
pneumo-peritoneum. There is some evidence that lack of gastro-
plasty may lead to higher re-operation rate.7 Laparoscopic Collis
gastroplasty may use Swanstorm method (linear stapler 1996) or
Hunter’s technique (circular and linear staplers 1998). It is likely to
become the standard when simple esophageal mobilization
remains insufﬁcient. At present the conventional dissection stops at
this point and cruroplasty commenced. The disadvantages of Collis
procedure include suture-line leak from the gastroplasty and
acid-secreting mucosa in the neo-esophagus. The neo-esophagus is
non-motile. Poor technique may result in stricturing or dysphagia.
Revisional surgery is difﬁcult. The stomach may not always be in
a condition to be used (scarring).
9. Recurrence
The recurrence is also described as anatomical failure! After
laparoscopic repair of PEH, it is between 5 and 42%. It appears to be
higher in studies where more patients had follow-up
esophagograms (Table 3). ‘‘If you don’t look for it, you don’t ﬁnd it’’.
The same ﬁgures for a conventional open repair are 11–18%. The
learning curveof laparoscopic surgerymaybeoneexplanation.UntilTable 3
The case is made to have mandatory follow-up esophagograms for all patients. The
recurrence should be described as ‘adjusted recurrence rate’
Study Lap/open n Anti-reﬂux
Yes/No
Follow-up
Ba/OGD (%)
Overall
recurr. (%)
Recurr. %
contrast (%)
Carlson 35 Open 44 Selec. 25% 43 0 0
Wiechmann1 Lap 54 Yes 73 7 9
Diaz10 Lap 116 Yes 69 22 32
Mattar8 Lap 125 Yes 26 33 43
Wu36 Lap 37 Yes 94 21 23
Jobe37 Lap 52 Yes 65 21 32
Perdikis38 Lap 65 Yes 70 12 17
Swanstorm39 Lap 52 Yes 61 8 12
Loustarinen40 Lap 22 Yes 86 36 42about mid-1990s, the sac was often not completely excised. The
recurrence rate had been very high (all four cases)25 and the im-
portance became evident only with time. Esophageal mobilization
up to very high in the mediastinum is also important. Over
enthusiastic esophageal dissection may lead to ischaemia and
delayed perforation (3–4.5%7,9,26 – Table 4). This potentially makes
a case for esophageal lengthening. The impact of recognizing these
factors on the recurrence rate outcome is not yet certain. The
concept of using the wrap to ‘pexy’ the stomach as an anti-
recurrencemanoeuvre is described, thereby serving dual purpose.27
Fundoplication inprinciple cannot beused to ‘strengthen’ the repair.
It remains as an anti-reﬂuxmanoeuvre albeitwith uncertain results.
It will not compensate for a weak repair or lack of esophageal
mobilization/lengthening. Thenewvalvemaymigrate into the chest
(valve migration). The incidence of recurrence is independent of
fundoplication. The fate of the anatomical recurrence remains
unknown. A pertinent question would be whether the recurrence
would behave as a young PEH or lead to complications much earlier
and at a much smaller size (adhesions or mesh in situ, non-
compliant ﬁbro-aponeurotic ring at hiatus). The answer would
guide themanagement in threeways. First, stressing the importance
of follow-up esophagograms for all, as routine X-ray would not
reveal a small recurrence. Second, the merits to repair a recurrence
and third, whether laparoscopic or open method. The recurrence
tends to have non-speciﬁc symptoms. They become evident within
the ﬁrst year. This would suggest that the reason is anatomical. The
predisposing factors include incomplete sac excision, lack of enough
of esophageal mobilization/lengthening, the health of the crura and
cruroplasty under tension leading to disruption.10. Complications of repair
The speciﬁc immediate or early complications include injury to
the esophagus, stomach, spleen, the pleura (especially left), acute
hiatal disruption, acute post-operative volvulus and delayed esoph-
ageal leak (Table 4). Esophagus is a vulnerable organ. The dissection is
circum-esophageal and there is traction maintained on it during the
whole operation. The risk of esophageal injury is small but nearly
constant. Post-operative volvulus is not unseen (3–8%12,28). Medias-
tinal seroma is known to form if the sac was not excised completely.
Hypercarbia and mediastinal emphysema become likely if pneumo-
peritoneum pressures are kept >12 mmHg (elderly). It therefore is
recommended to use insufﬂation pressures of <10 mmHg.8 Mesh
erosion is a complication very difﬁcult to treat.9 It can cause erosion
into the esophagus or the fundus of the stomach. It can also lead to
dysphagia or ﬁstulation.6 For these reasons some reservation has
been expressed against polypropylene mesh.6 Valve migration after
anti-reﬂux procedure can occur (currently 1–11%13,29,30 for GERD,
incidence in PEH repair is unknown).
Laparoscopic repair is often taken at the face value. There is
a tendency to bank on parameters like short hospital stay and less
wound pain. It has been shown to be better than the open method
in terms of the length of hospital stay and probably comparable asTable 4
Speciﬁc acute complications of PEH repair – laparoscopic vs. open
Laparoscopic (%) Open (%)
Esophageal perforation 1.5–6.51,7,9,26 026,33,35
Gastric perforation 1.5–4.57,9,26,38 0–1.526,33,35
Splenic injury Rare 0–4.533,35,44
Pneumothorax 2–7.44,7,26 0–4.535,44
Immediate failure 2–4.51,38 0
Acute post-op volvulus 3–812,28 0
Delayed esophageal leak 3–4.57,9,26 0
Death (attributable) 0.5–34,7–10 233,35,41
Table 5
Post-op symptom outcome – Laparoscopic vs. open. Note Visick IV category
Post-op outcome (Visick grading) Laparoscopic (%) Open (%)
Visick I–II (excellent) 76–924,7,10,12,34,37 86–10033–35,41
Visick III (fair) 4–304,7,10,12,37–39,42,43 4–935,41
Visick IV (poor) 7–101,4,7,9 235,41
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however, has consistent superiority regarding speciﬁc major
complications (Table 4) and the recurrence rate (see below).11. Remember the open repair?
The gold standard open repairs (thoracic or abdominal) have de-
livered principles of repair. The Lahey Clinic (1986) found reﬂux
symptoms to be rare. In 55 patients it reported 88.4% symptomatic
beneﬁt, 8% recurrence and only 2% severe post-operative reﬂux.31 The
same clinic in 1993 described results on 119 patients (including seven
recurrent) with median follow-up of 61.5 months. Two out of 119 had
severe post-operative reﬂux. However, only 15% of patients had an
anti-reﬂux procedure (selected by objective preoperative ﬁndings of
reﬂux). Good to excellent results were achieved in 83.5% patients. The
recurrence rate was 10%.32 In 2000, The Cardiothoracic Division at the
University of Illinois published results on open repair (mainly ab-
dominal) on 100 giant PEH. Twenty percent operations were emer-
gency. Seventy-ﬁve patients had additional temporary gastrostomy.
Thirty-ﬁve percent (with documented preoperative reﬂux) un-
derwent fundoplication. There was mild post-op reﬂux in 2% (emer-
gency group). The mortality was 2% (again the emergency group).
There was no recurrence.33 In a frequently quoted study from the
University of Southern California, Hashemi et al. (2000) treated 54
patients with PEH. Exactly half had laparoscopic repair and the other
half open (thoracic or abdominal). The laparoscopic group had an
excellent to good symptomatic outcome in 76% and a comparable
ﬁgure for open repair of 88%. The overall recurrence rate was 29%
(more than half were asymptomatic). The recurrence for laparoscopic
repair was 42% as opposed to 15% for the open repair.34 The laparo-
scopic repair is yet to equal these results consistently.12. Conclusion
There is a fragile view that diagnosis itself is an indication to
repair the PEH. The key steps of the operation are complete sac
excision, esophageal mobilisation and tension-free cruroplasty. The
recurrence tends to occur in the ﬁrst two years and to have non-
speciﬁc symptoms. The fate of the recurrence remains unknown.
Follow-up esophagograms (yearly) should be strongly recom-
mended. The role of anti-reﬂux surgery and the management of
recurrence remain controversial. The literature recommends ad-
junct fundoplication and is the customary practice. Laparoscopic
esophageal lengthening is an issue being revisited. When compared
to the open repair, the laparoscopic method has a higher recurrence
rate, higher major speciﬁc complication rate, comparable
symptom outcome and a shorter hospital stay. Laparoscopic repair
of paraesophageal hernia requires cautious enthusiasm.Conﬂict of interest
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